In this paper we present the results of a microanalysis of freight transport demand in a logistics context. Current research concentrates, with few exceptions, on shippers' choice of a transport mode. However, in a global context, shippers' behaviour has to be conceived as a complex decision, which considers transport mode choice as only a part of a firm's logistics strategy. Since no data exist to directly estimate the marginal values for different qualities of transport and logistics services, a stated preference approach is applied. Adaptive stated preference experiments are performed for 22 firms in Italy and in Switzerland. The experimental results -40 hypothetical binary choices per firm -are completed by background information on the firms' long-term logistics strategy. The results confirm the relevance of the logistics context (e.g. JIT strategies on the supplier's or customer's side) for transport demand. The calculated marginal values of time and characteristics (reliability, frequency, etc.) provide important insights and permit generalised costs in freight transport models to be recalibrated.
INTRODUCTION
The lack of competitiveness of rail services in European freight transport is an often discussed issue in political and economic circles. The problem is that the mostly converging views are based on anecdotal evidence rather than on research. This is all the more problematic as railways should play a key role in future combined transport solutions to freight transport problems in European networks (see Müller and Maggi, 1998) . Consequently, the objective of this research is to produce behavioural parameters based on empirical research into shippers' evaluation of freight transport services. The intention is not so much to present surprising findings, but to quantify common views, so as to allow the succinct integration of these findings into forecasting efforts for political ends. Globalisation, European integration and the liberalisation of transport markets have created conditions of production and distribution which have led firms to profoundly change their logistics concepts. This has major repercussions on demand behaviour in freight transport. Shippers are increasingly demanding high quality transport and logistics services at competitive prices in a network set up. This is in stark contrast with modelling efforts defining the shippers' decision as a choice of a mode for transporting a specific good from an origin to a destination. Hence an approach is required that integrates the network and logistics context and refers to services rather than to transport modes. The development of such a decision model i s one of the objectives of this project. From a theoretical point of view, transport and logistics services can be considered production factors of a firm. This specification, together with the integration of the spatial structure of the firm as an output characteristic, allows our model to be set in a traditional microeconomic setting. Our empirical strategy consists of an adaptive stated preference experiment (ASP) embedded in qualitative interviews with the logistics manager of a firm. The basic idea was to simulate a decision between existing and hypothetical services in a transAlpine context. This has proved useful because competitive services based on the rail mode have a clearly hypothetical character for most shippers. A specificity of the SP design chosen here is that the transport modes enter as a simple quality of a service rather than as a label of the alternative. By this means we tried to avoid an inappropriate focus on a choice among modes during the experiment. 1 The experiments allowed the relative monetary values of the most important qualities in freight transport demand to be identified. This represents an advance with respect to most studies on the subject, which mainly develop classifications of the attributes. Once the monetary values are identified, it is possible to compare the value of time with the marginal values of other qualities, which in our case were reliability, frequency and flexibility. The monetary values of service qualities can be used to improve traditional freight flow models. Because the monetary values are perfectly analogous to the value of time, they can be integrated in the generalised cost of a link in the same manner. We first present a simple theoretical model that integrates logistics and transport choices. Subsequently, the empirical analysis describes the data collection in the form of an adaptive SP experiment, which allowed data on decisions on transport and logistics to be collected and analysed, and presents the results. Finally, some conclusions are drawn.
INTEGRATING TRANSPORT AND LOGISTICS CHOICE
For the purpose of this study we assume a three-level decision structure. In the long run the company defines its strategic logistics in terms of localisation of the company, supplier/client network and production. In the medium term, firms implement a transport logistics programme. This implies decisions on supply chain organisation, stock in warehouses, frequency and dimension of shippings, flexibility of the service, documents (paper, electronic), factoring (prepaid, collect), tracking/routing, insurance, money back warranty, etc. The long-and medium-term decisions are related to the transport services available on the market which represent the short run decision level we want to analyse. At this level, the shipper decides on services described by a vector of characteristics like e.g. price, transport time, reliability, and safety. These characteristics are implied in a specific transport mode. Insofar as shippers may have preferences for unobserved attributes of a mode, the mode enters as an additional argument. In fact, decisions on the three levels are taken simultaneously; a company organises its production in space and implements its specific logistics according to the transport services available on the market. We conceive the shipper as an industrial firm with a production function containing transport logistics services as a production factor (input) 2 . Moreover, in a logistics context, network size and structure are characteristics of the production process. Against this background, we can describe the typical shipper with the following cost function, conditional on a service i:
where: Q: Shipper's output for delivery on specific markets p o :
Prices of factors other than transport logistics p ti : Prices of transport logistics service i Z i :
Attributes of transport and logistics service i N:
Network size and structure of the firm Applying Shepard's Lemma, the following demand for the transport services as an input factor can be derived (see Maggi and Bolis, 1999/a and 1999/b) :
where:
Demand for a specific transport and logistics service on a given market.
2 In our context of long-distance transports across the Alps, own-account services which would have to be treated as (intermediate) outputs can be ruled out. 3 Network size and structure refer to the spatial organisation of the firm (location of plants, raw material suppliers, market outlets etc.) as well as long-term logistics decisions (distribution of warehouses, organisation of the supply chain etc.). 4 See e.g. Friedlaender, A.F. and Spady, R. (1980) for an analogous formulation.
The issue of interest in our research is that this demand is service specific. This in principle implies a simultaneous decision on Q and on the service i to be chosen.
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Given the type of experiment performed (see below) where quantity is held fixed, this reduces to a choice among services described by a specific cost function. Imagine a sudden deterioration of reliability of the actually chosen transport service due for example to congestion. This will provoke delays in the supply of inputs and slow down production, which in turn will lead to cost increases if the firm continues to use the deteriorated service. Hence a firm will in the short run carefully analyse alternative services offered on the market in order to minimise cost. It will have to receive a rebate in order to continue with t he same service or to change transport services 6 . A choice based on cost comparisons can be modelled in analogy with Baumol & Vinod (1970) . In their model, shippers choose among alternative abstract modes, described e.g. by cost and time. Shipper's choice implies identifying alternatives on indifference curves with respect to "economy" (= 1/cost) and speed (= 1/time).
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Convex indifference curves for cost and any other attribute translate into concave isocost curves, where cost is generalized cost and the non linearity stems from the nonconstant monetary value of time (or a different attribute). Therefore, choosing the alternative with the lowest cost, ceteris paribus, implies considering trade-offs among attributes and cost for the alternatives at a given generalized cost. As a consequence, we can analyse the decision in the standard discrete choice framework, considering the logistics manager as a cost minimizing agent of the firm. For two alternatives 8 and assuming that the unobserved errors are independent and identically Gumbel distributed, we can formulate the decision taken by the company as a binary logit model. Because cost is a disutility, the probability of company n choosing alternative A rather than B becomes:
Note that Q, p o and N become shipper specific characteristics. This model is specified in the next section.
SPECIFICATION OF THE EXPERIMENT
To get an idea of the important attributes in our context, a preliminary step was undertaken in the form of four i n-depth interviews and a postal survey among shippers in northern Italy. The survey data indicated that the most important qualities of transport and logistics services are reliability, followed by price, speed and safety. This confirms results of other European surveys where reliability was shown to be 5 See e.g. Abdelwahab & Sargious 1992. 6 As we will show later, our experiment implies a simulation of cost rebates that have to be offered to shippers in order to be compensated for the losses due to the deterioration of the service. 7 See Baumol & Vinod 1970, pp.415, 416. 8 Our experiment is based on a binary choice between the service actually chose by the shipper and a hypothetical alternative.. 9 The choice can evidently be expressed in the usual utility terms with respect to the inverted values of price and attributes of the services.
one of the most important criteria for the choice of transport (see e.g. Fowkes et al., 1991) . To perform our analysis we chose to use SP. Revealed Preference (RP), which is based on observed behaviour, is not feasible in our context of freight transport. Data on actual choices are usually commercially very sensitive and hence in a liberalised environment it is no longer possible to obtain information on prices charged for the movement of freight. Freight rates are individually negotiated and held commercially confidential. Apart from the price variable, the complexity of the freight transport decision would require a large number of variables to be collected in order to take account of the heterogeneity of the context. Another reason for not using RP is the very limited use of rail based modes (including combined transport). The fact that we have an existing alternative which is not sufficiently used is analogous to analysing the choice of a new alternative (see Tweddle et al., 1996) . For these reasons we have opted for SP analysis, which is already well-established in freight transport (see Bates, 1988 , Danielis 2002 . While the experience is generally positive, there is one drawback in the existing research.
All evidence known to us is on mode choice. Hence, we have to adapt our specification to a a decision among abstract modes in a given logistics environment.
In addition, we can not use traditional conjoint measurement techniques because the choice set has to be adapted to the real context of the decision-maker interviewed. A traditional design would risk confronting the decision-maker with choices/options, which are irrelevant for him or her. For this reason we have used the so-called Adaptive Stated Preference technique (ASP). The ASP starts from an existing freight transport option chosen by the interviewed person. Usually this option is elaborated in a discussion with the person responsible for logistics and it describes the t ypical transport for this firm (see Fowkes and Tweddle, 1996) . Starting from this option, the ASP exercise implies asking the respondent to rate various hypothetical alternatives for performing the same transport task expressed in terms of the relevant attributes. With regard to the assumed three layer decision structure, the experiment is placed on the lowest level, regarding the transport and logistics services. The other two levels thus become shipper specific, characteristics. The variables we have chosen to describe the decision on this level are:
Transport: price, time, reliability and mode Logistics: frequency and flexibility.
The way the experiment is implemented can best be illustrated against the background of the software we used: Leeds Adaptive Stated Preference Techniques (LASP). The experiment and estimation performed follow very closely the work done by Fowkes and Tweddle (1996) . The experiment is performed on a portable computer. The screen shows three options; each described with the attributes above. The service actually chosen by the shipper (current service) appears in column A and has a fixed rating of 100. The task to perform during the experiment is to assign ratings to hypothetical options presented on the screen, hence the respondent is asked to rate an option B with respect to A on a scale such that option A (current option) is 100 and option B can either be considered worse (rating below 100) or better (rating above 100). The rating scale is closed below (only 0 or positive ratings ) but open above. The important point is that respondents should rank options in their desired order, and use the rating scale to roughly indicate their strength of preference where the analogy is an index with 100 equals present value (see Tweddle et al., 1995) .
Once the rating on screen one (iteration one) is performed, the following screens propose new alternatives but always with respect to the actually chosen alternative A. During the iterations, the respondent is confronted choice among A and alternatives that are e.g. cheaper but slower or cheaper but less reliable. Iterations will continue between cost and the same attribute until the rating is in the 95 to 105 range. At this point the screen that follows will present options where the remaining attributes change following the same procedures. The attributes changed first are those referring to transport followed by those referring to logistics (flexibility and frequency). Finally, the variable indicating the transport mode is introduced. This procedure reflects our modelling concerns in several ways. First, we can integrate transport and logistics. Second, whether the transport decision is separated from the logistics decision is an outcome of the experiment. Thus, the transport mode loses its domina nt role and enters as a simple characteristic of the transport service. Given our interest in the matter, combined transport is one of the transport modes presented.
DATA COLLECTION AND MODEL ESTIMATION
The specification of the model has to be understood against the background of long distance freight transport through the Alps. The three major Alpine crossings by road and rail are Mt. Cenis/Fréjus (F), Gotthard (CH) and Brenner (A), and the shortest possible connection for most links between Northen Europe and Italy leads through Switzerland. Switzerland has historically implemented various regulations to limit and reduce traffic. The most effective one was the 28-tons weight limit which denied access to Swiss roads to EU-standard trucks of 40 tons (see Muller and Maggi, 1998) and hereby improved the position of the rail mode. Starting in January 2001, this limit is being gradually abolished according to the bilateral treaties between Switzerland and the EU. To meet the environmental transport policy aims, Switzerland has negotiated a levy on heavy vehicles (LSVA), which will replace the abolished weight limit. This replacement of a protectionist measure by a mix between incentives for improved services and taxes on road transport (see Maggi, 1999) creates new market conditions for the competition between modes. It is beginning of a more competitive market that motivates our inquiry into the economic value of service qualities in transAlpine freight transport. We performed our interviews with the logis tics or distribution manager, who answered questions about the distribution and the input activities of the firm. First, we assessed the general logistics strategy of the firm in terms of location of production centres, depots and distribution methods, number of suppliers and clients and their spatial distribution. Second, four regular typical transports were identified, two for the supply side and two for distribution. Finally, we performed the experiment, where possible, for two typical transport situations: the first on the distribution side and the second on the supply side. The whole experiment lasted on average one hour. A total sample of 22 interviews corresponding to 31 ASP experiments could be used for further analysis. In particular, we have 10 typical transport situations on the input side and 21 on the distribution side. Twenty-two consisted of trans-Alpine freight transports.
It is worthwhile to note that the sample is small and contains a variety of sectors and segments of industry. The figures in Table 1 show that the external validity of the experiment for single industries will be low, and conclusions for a particular sector should be drawn with care. A strong point, however, is that these interviews were conducted with logistics managers of the companies well versed in transport issues. In addition, 40 observations were obtained from each interview, which, in combination with the interactive nature of the LASP programme, can produce valid and statistically significant results. The data collected were "exploded" and ratings were transformed into binary choices (see . This means that we constructed a data set where every difference in rating between a hypothetical alternative offered (B) and the actual solution ("real" alternative (A)) was transformed into a choice probability for the hypothetical offer (B). The rating exercise involved 20 interactions. Thus, we observed 40 such differences for each firm (2 per screen). All the ratings were contained between 0 and 200 (limits excluded). Therefore, and following Fowkes and Tweddle, for any given choice pair, the rating was converted into a probability of choosing alternative A according to:
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If Rating < 100 then P A = 1-(0,5 Rating/100) (4) If Rating > 100 then P A = (0.5 *100/Rating)
Proceeding this way we calculate "observed" probabilities and hence we can estimate a logistic regression model relating (Log (P B /P A )) to the attribute differences.
Transforming the above probabilities we obtain:
Log (P B /P A )= C(z A , P aA , F n , N n , A n ) -C (z B , P aB , F n , N n , A n )
As t he dependent variable in the logistic regression (Log-Odds) is a relative frequency, the coefficients of the dummy variables and the constant indicate shifts on (Log (P B /P A )) and exp(coefficient) illustrates how many times more probable it is to observe B rather than A. The specification of the logistic regression is the following:
LogP B /P A = α + β 1 (PRICE B -PRICE A ) + β 2 (TIME B -TIME A ) + The first five variables (PRICE, TIME, RELIA, FREQ and NOTICE) and the mode dummies (DUMMRAIL and DUMMACC) measure the quality of the transport service. The remaining variables (dummies) represent the firm characteristics in the above-specified cost function and hence the long-term logistics context. Travel price and travel time are defined as door-to-door price and time, including transhipment. "PRICE B -PRICE A " ind icates a rebate on B. "Notice" is our inverse measure of flexibility; i.e. the greater the notice time the lower the flexibility. Furthermore, the following weights were used in order to take account of increasing noise for ratings far from 100: 
This gives the most weight to the least clear-cut decisions. In other words, small changes in ratings close to 100 are likely to be much more significant than similar changes in other ratings (see Fowkes and Tweddle, 1996) . The procedure chosen to estimate the empirical model is the Tobit ML estimator. This option was chosen because the respondents never attributed ratings close to 0 to an alternative. Instead, in many cases the interviewee considered a specific alternative proposed as unfeasible (because of technical incompatibility with a specific transport mode, or because the rebate was judged to be unrealistic, or for unacceptable levels of reliability, frequency or flexibility) and told us so. As a consequence the rating was set to zero by us, indicating "no choice". The Tobit model involves censoring, and it is applied to take into account these observations (139 cases). Table 2 gives an overview of the reasons for refusing the proposed alternatives. While the importance of the refusals for price reasons indicates a lack of credibility in our experiment in certain cases (mainly three cases), the problems with accepting lower frequency is an interesting additional result of our analysis. In specific logistics context (JIT), frequency is critical and changing it would require adjustment on the first level of decision, i.e. the general logistics of the firm. In Table 3 , the results of the estimation are presented. For interpreting the results it is important to note that the context is mainly long distance transport. All coefficients refer to the effect of any changes in the respective variable on the respondent's utility (rating). Note that the coefficients all have very low values. This indicates that the marginal impact of a change in a variable on the propensity to change from the actual solution to a hypothetical one is small. As a consequence the respective elasticities would also be small. The estimation p ermits the critical qualities and their economic importance in different long-term logistics concepts to be identified. The stable and significant parameters allow for consistent interpretation of the implied trade-off between quality and price. Taking the ratio of the service attributes to the price coefficient provides the monetary values of an attribute at the margin and hence gives an idea of how changes in attributes are traded off against a monetary change in transport prices. In the case of time this is the Value of Time (VOT). The findings on the trade-off ratio confirm the results of similar research carried out in a European context (see Blauwens and Van de Voorde, 1988 , Winter, 1995 , Jong and de Gommers, 1992 , NERA, MVA, STM, ITS, 1997 , Hauser and Hidber, 1996 . There is evidence that the quality of service factors such as notice time and reliability, etc. play a significant role in the choices of users, as well as the standard elements of travel time and price. Table 4 gives an overview of the trade-offs in CHF/net ton.: We found that across all experiments, the value of time is CHF 1.15 per hour which is more or less half the value of 1% more shipments arriving on time for which shippers would on average be willing to pay CHF 2.42.
Because these values are in Swiss Francs per net ton, the willingness to pay at the margin for the respective improvements in quality will vary with the weight of the load. For example, in the case of road transport of 28 tons and 40 tons, respectively, these trade offs are shown in Table 5 . A gain of one day in transport time in a typical transport would be worth CHF 414 for an average firm in case of a 15 net tons load and CHF 745 in the case of a 27 net tons load. The difference of CHF 424 gives an idea of the value of not having to make a detour around Switzerland in the presence of a 28 ton limit. Furthermore, we can calculate the trade-off between all dummy variables and the values of the qualitative attributes. It is interesting to consider the trade-off between the use of rail and an attribute such as time, reliability, frequenc y and flexibility. These trade offs are presented in Table 6 . For example, for a rebate of 17 CHF per net ton the propensity to change from the actual service to a new one would be equal between rail and other modes. In other words, one may say that the "frustration" with current rail services could be compensated by a discount in this amount. Hence, all the above trade-offs can be interpreted as equivalent to the shift between rail and non-rail in the propensity to change the transport services.
We performed estimations on different subsets (Swiss and Italian firms, JIT production systems, transalpine transports, short and long distance transports, transport mode, final consumption and intermediate goods, transport on the input and the distribution side, transport carried out by forwarding agents). In general, the analysis shows that price, time and reliability are important factors in the decision process of the firm, but frequency and flexibility emerge as important decision factors when firms operate in a JIT context (the firm sending the goods or the firm receiving the goods) and when the product is a final product and/or the firm is serving directly the consumer market or the outlets. Concerning the use of rail and combined transport, the research confirms that firms do not think of combined transport as different from road transport (the technical and organisational problems the firm has to solve are the same). The situation for rail transport is different. For rail transport, we generally find a positive sign for the constant term. This expresses a basic propensity to change from the current to a new service on rail. In particular, we find a propensity to change in firms with modern logistics concepts (firms sending or receiving goods are working with JIT systems).
Based on this evidence, we conclude that the predominant use of road transport is caused by current restrictions rather than by a mode specific preference, and we conclude also that the procedure chosen here, i.e. presenting the mode not as a label characterising an alternative but only as a further characteristic, does lead to more realistic estimates of taste shifters. The dummy variables give further indications on the importance of logistics (in particular the general logistics based on long-run decisions). If the distribution network of the firm is regional, the propensity to change transport service decreases in the following cases: the firm is Italian, the transport is trans-Alpine, the goods are final goods, the transport is on the distribution side, and the current transport is by road or combined. Whether the client receiving the goods is working with a JIT production system is very relevant for the decision process of the firm and reduces the propensity to change: this dummy is relevant for all the above sub-group. The short distance reduces the propensity to change transport service in most contexts. The evidence from our estimations is that the development of new or innovative logistics concepts introduces constraints on the feasible transport choices and hence reduces the propensity to change. When analysing behaviour separately for transalpine transports in our sample, there is additional evidence that reliability and frequency return higher values than in the overall sample. This can indicate either a greater importance of these characteristics in transalpine transports, or a weak point of the services offered on these links. In any case, the estimated values give a precise indication on the strategic importance of these two qualities in transalpine freight transport. Furthermore, they can be used, like the other estimated values, for improving forecasting models. We noticed no mode specific preferences in the transalpine context. Hence, the above-mentioned frustration with rail is not showing up in the transalpine case. Our experiments as well as the case study evidence on long-term location and logistics context demonstrate the importance of logistics variables in the presence/absence of JIT concepts. An interesting differentiation came to light. If the interviewed firm itself was practising JIT, the most relevant variable is frequency. If it is the client who is working JIT, the most relevant decision variable is reliability. This is another point in favour of our analysis because it sheds light on important behavioural details. If the company controls the tight logistics rules, it mainly wants to control the frequency of shipping. If, however, it has to deliver to a client with tight time schedules, it is more dependent on high reliability. It follows that the marketing of competitive freight transport and logistics services has to be extremely customer oriented, and policy initiatives promoting a specific service should try to identify their target in great detail. A confirmation of common knowledge was found insofar as shippers producing on order place a high value on frequency, while those producing on stock have as a dominant decision variable the price of transport. We might conclude that strategies mainly defined on the price variable without paying enough attention to the quality of the service risk targeting a rather specific and probably not very competitive market. Even though we found important evidence for the relevance of logistics variables such as frequency and flexibility in our experiments, the overwhelming importance of price and time has been confirmed across all sub samples. Hence, it would be inappropriate to think that in a modern logistics context the fact that goods can be stored while moving makes time and price no longer relevant decision variables. On the contrary, we find that in most contexts, these variables even gain importance in presence of modern logistics concepts.
CONCLUSIONS
In this paper we presented initial evidence on a model of freight transport and logistics service choice of shippers. The objective of the research was to produce realistic estimates of the determinants of service choice in order to guide rail-related strategies in trans-Alpine freight transport. The results from the analysis of 31 experiments performed with 22 firms return a total of 1271 hypothetical choices. In some cases, especially in a straight logistics framework, firms put hard restrictions on alternatives offered; e.g. they are not willing to accept hypothetical offers that would imply a lower frequency than the one actually chosen. While this result could be anticipated on the basis of expert knowledge, we are now able to quantify it. Only in 7% (90 out of 1271) of the cases, a hypothetical decision was refused due to inflexibility with respect to time, reliability, flexibility or frequency. This indicates that JIT concepts implemented by shippers still leave ample space for competitive strategies based on qualities on the supply side (see . A second result is that shippers, and more specifically Swiss shippers, have a clear preference for change when considering offers for transport services on rail. This implies that either firms using rail are frustrated by the current quality of rail services, or companies would be keen to change to rail only if quality were sufficient, i.e. competitive with road. This finding is important insofar as we could not identify any basic preference for road, which could not be explained by differences in quality and price. Hence, we have empirical evidence that, at least in Switzerland, rail has no general acceptance problem but, rather, one of service quality. Our experiments confirmed the view that goods classifications are no longer an important means to analyse transport decisions. While we found no evidence for differences in valuation among sectors, we found high values for high quality goods, and above all, a significant impact of the long-term logistics context. Firms working on a JIT basis or delivering to firms with this logistics concept give significantly different importance to qualities, e.g. the value of time is twice as high and the value of flexibility is up to eight times higher than for the average firm. Thus we conclude that the integration of logistics and transport services has helped to confirm ideas about the behavioural relevance of logistics. As a result of the way in which firms are organised in space and the ensuing restrictions placed on the transport process, these "modern" firms place a much higher value on transport qualities in general, and more specifically they give great importance to reliability and flexibility aspects. As far as frequency is concerned, they are often even completely unwilling to foresee any changes. Overall, the study suggests first, that investigating more vigorously freight transport behaviour is not only necessary but can also produce interesting and relevant results. Most of the shippers interviewed could perfectly cope with the experimental set up proposed. This was greatly helped not only by their strong interest in the issue but also by the fact that we started with an actual transport performed by the firm. Hence the approach chosen here permits freight transport demand behaviour to be described in a logistics contexts. The quantitative results are realistic and policy-relevant. They can be used for improving freight flow forecasts on the transalpine links. The main implications for the company's policy are obvious: to promote quality and customer orientation in general and more specifically on rail bound transport services, and to target the service to the specific logistics set up of the clients. Finally, it can be said that future research would first have to work on a wider base, in order to produce more representative results, and then, further research should try to integrate eventually also the longer-term decisions into the experiment itself.
